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Introduction:  

The classical view of large volume magma chambers containing close to 100% melt below volcanoes has 
been the paradigm for over a century.  This paradigm has influenced:  the way we model the geochemical 
evolution of igneous rock in terms of fractional crystallisation or equilibrium; the view that plutons are 
frozen magma chambers; how large volcanoes empty the source of magma and how geodetic signals 
from active volcanoes are modelled in terms of fluid filled cavities.  However the geophysical evidence of 
large magma filled chambers below active volcanoes is non-existent.  Instead electrical conductivity and 
seismic surveys show melt fractions cannot be higher than 30%.  Furthermore numerical models show it 
is hard to maintain large volumes of high melt fraction in the crust.  Therefore a new paradigm has 
emerged where magma storage is in a mush zone with melt fractions less than 30% through which 
reactive melt, gases and brine is progressively fluxed through a permeable, deformable matrix.  One of 
the key hurdles to further development of these ideas is having reliable data on the physical properties of 
partially molten rocks in order to interpret geophysical surveys.  The aim of this project is to measure the 
electrical conductivity and seismic velocity of partially molten rocks at high pressure and temperature 
using the Paterson gas apparatus in Manchester.  It has been shown that melt aligns with the stress in 
deforming partially molten rocks (Holtzman et al. 2003) and the conductivity and seismic velocity will be 
strongly influenced by the alignment of the melt.  In order to capture this anisotropy we will both vary the 
stress state (compression, extension and torsion) and vary the direction of measurement of the physical 
property.  Allied with the experiments will be microstructural analysis of the samples with SEM and X-Ray 
tomography to get both 2D and 3D melt distribution.  The experimental and microstructural data will be 
combined through models that will be used to predict melt fraction and stress dependent physical 
properties of partially molten rocks. 

 

Project Summary:  
 

The successful student will perform a suite of high temperature (up to 1300 °C) high pressure (300 MPa) 
experiments in the Paterson gas rig in Manchester using synthetic partially molten rocks.  Partially molten 
rocks of different melt fractions will by synthesized by mixing powdered olivine with powdered basalt 
(Hirth & Kohlstedt 1995) for mafic rocks and by mixing quartz with a eutectic quartz-feldspar glass 
(Mecklenburgh & Rutter 2003; Rutter et al. 2006).  Complex electrical impedance will be measured over a 
range of frequencies both parallel and perpendicular to the sample axis (Caricchi et al. 2011).  Seismic 
velocities will be measured parallel to the axis of the samples using piezoelectric transducers at high 
pressure and temperature (Khazanehdari et al. 2000).  Microstructural analysis will be performed using 
electron microscopy equipment in both the School of Earth and Environmental Science and School of 
Materials and state of the art X-Ray tomography in the Manchester X-Ray imaging facility.  You will join a 
vibrant research group in rock mechanics at Manchester and be allied with both the Volcanology and X-
Ray imaging groups in Manchester.  During the course of this PhD the student will develop skills in 
experimental rock mechanics, high pressure and high temperature experimental techniques, X-Ray 
tomography, SEM, image analysis and modeling.  Whilst this project has no direct industrial link the skills 



 

 

gained could be applied in many areas e.g. hydrocarbon exploration and production, carbon capture and 
storage, mining and geotechnical engineering. 
 

 

Image 1 Caption: Dunite (light coloured areas) chan nels in the Oman ophiolite considered 
permeable melt channels feeding magma to the mid-oc ean ridge.  Image taken from (Braun & 
Kelemen 2002). 
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